Abstract. Two semiarboreal skinks (Mabuya) are narrowly sympatric in the Kalahari desert, whereas two terrestrial species are broadly sympatric both with one another and with the semiarboreal species. We attempt to discern reasons for these differing distributional patterns.
INTRODUCTION
Four species of skinks of the genus Mabuya are common in the southern Kalahari semidesert of southern Africa. Two semiarboreal species, Mabuya spilogaster and Mabuya striata sparsa (until recently considered races of a single species [Mertens 1955 ]), are sympatric only along a narrow belt in the southern Kalahari (Broadley 1969) . In contrast, two terrestrial species, Mabuya occidentalis and Mabuya variegate punctulata, are broadly sympatric both with one another and with the semiarboreal species.
What accounts for these broad vs. narrow zones of sympatry? In general, narrow zones can result from intense interspecific competition (Selander and Giller 1963 , Schoener 1974 , Cody 1974 , adaptations of species to geographically discontinuous aspects of the physical environment (Huey 1969 , Pianka 1969 ), or hybrid inferiority (Mayr 1963, Hall and Selander 1973 ). Here we examine data on body and head sizes, microhabitat associations, thermal relations, diets, and reproductive biologies. These data are relevant only to an analysis of the two ecological explanations. The possible role of hybrid inferiority can be discounted, nonetheless, because these Mabuya are readily recognizable by humans at a distance and because neither Broadley (1969) nor ourselves have found any evidence of hybridization.
In a description of the vegetation and topography of the southern Kalahari, Leistner (1967) recognized two major geographic subdivisions. Stabilized sandridges cover most of the southwestern sector ( Fig. 1) , while gently rolling sandplains occur to the northeast. Vegetation is predominantly grassy throughout. Trees occur sporadically in the sandridges and are more common in the sandplains.
METHODS
We gathered most of these data on 10 study sites while investigating lizard species density in the Kalahari from late November 1969 through mid-October 1970 (Pianka 1971 ). On a second visit, from midDecember 1975 through early March 1976, we obtained additional information on distributions and behavior. Various data and statistics on locations, vegetation, topography, climate, saurofauna, and avifauna of each area are given by Pianka (1971) and Pianka and Huey (1971) . On one study site (area K) in the Kalahari Gemsbok National Park, the two semiarboreal species occur in sympatry (Fig. IA) . On two sites (T and D), we found M. spilogaster in allopatry. All other study areas supported allopatric populations of M. striata. The two terrestrial species also occurred on most of these sites: M. variegate is, however, absent from area K.
For each undisturbed lizard collected3 or observed, we recorded microhabitat and time of activity. Cloacal and air (shaded bulb, chest height) temperatures were measured at the time of capture with Schultheis thin-bulb thermometers (body temperatures were not measured if lizards were badly damaged or when the delay between shooting and capture was long). Snout-vent lengths (SVL) were later measured on freshly-captured material, but head lengths were measured on preserved specimens with vernier calipers. Gonadal state (length and width of testes, average size and total number of eggs and/or embryos) and stomach contents were determined by dissection. We recognized 33 prey categories (in Table 7 a few minor categories are consolidated), and approximated the volume of individual prey items in each category by placing contents of stomachs on millimetre-ruled graph paper. The area covered with a depth of 1 mm approximates volume of prey in al (= cubic millimetres). Total volume of prey per stomach estimated by this procedure compares closely with volumes estimated by volumetric displacement. Largely digested material and recognizable parts were recorded, but were omitted from prey size distributions unless original sizes could be estimated.
To quantify the variety of microhabitats used or foods eaten (niche breadths), we use the diversity index of Simpson (1949), 1/:4n pi2, where pi is the proportion of the ith resource category used. Overlap is computed using the following symmetric formula (Pianka 1973 , 1975 , May 1975 Mabuya striata, though found primarily in sandridge areas, also occurs outside this region in the south at sites R and G. Mabuya spilogaster is sympatric with M. striata along the eastern sector of the sandridge areas and is allopatric in 'the flatland desert to the northeast. (In the northern portion of the sandridge areas, M. spilogaster replaces M. striata in the sandridges). The belt of sympatry is apparently very narrow compared with the extensive geographic overlap of fossorial skinks (Typhlosaurus) in the same region (see Fig. 1 of Huey and Pianka 1974) . Similarly, the two terrestrial species of Mabuya occur on all or most of our study areas (Pianka 1971 , Broadley 1975 and are thus broadly sympatric with each other and with M. striata and M. spilogaster (Fig.  lA) . (Table 5 ). Table 3 gives percentages of undisturbed animals in 16 microhabitat categories for allopatric and sympatric populations. Both M. variegate and M. occidentalis are primarily terrestrial, while M. striata and M. spilogaster are semiarboreal. The terrestrial species, nonetheless, differ considerably in microhabitats (overlap = .261) because M. occidentalis is strongly associated with bushes and shrubs, whereas M. variegata is generally associated with bunch grasses (we do not distinguish between lizards collected next to or in bunch grasses: rather, both are lumped into the ground-grass category). In contrast, the semiarboreal species are nearly identical in microhabitats (.975), and, in fact, these species do not differ significantly in microhabitat associations in sympatry (G-test, P > .5).
Microhabitat associations
Ecologists studying arboreal Anolis lizards emphasize the utility of comparing "structural niches" (perch height and perch diameter) in analyses of differences in microhabitat between arboreal species (Rand 1964 , Schoener 1968 , but see Andrews 1971). Table 4 presents such "structural niche" data (percentages) for individuals of M. striata and M. spilogaster. Overlap in sympatry is very high (.928). Both tend to use larger perch diameters and to occur closer to the ground in sympatry. Whether analyzed by using "structural niches" or alternative microhabitat categories, overlap in microhabitat associations is nearly complete between the semiarboreal species, but is very limited for all other paired comparisons (Table 5 ).
Seasonal and daily activity patterns
Seasonal activity patterns, estimated by the relative percentage of individuals captured in different seasons (Table 6 ), show that M. occidentalis differs from the other species in being primarily active in summer. Indeed, we found no active individuals of this species in winter. All other species are active in winter when conditions are favorable and have relatively high overlaps in seasonal activity patterns (Table 5) . Daily activity patterns show considerable seasonal variation (Table 6 ). The resulting necessity of separating these data by seasons results in small sample sizes, and we have therefore pooled data from all localities for each species. During summer months most species pairs overlap considerably in time of activity (Table 5) (Table 7) show highly significant heterogeneity by analysis of variance (P < .001). Mabuya occidentalis differs from the remaining species (P < .01, Student-Newman-Keuls test), which among themselves are not significantly different (P > .05, S-N-K test). The relatively high mean body temperature of M. occidentalis correlates with the tendency of this species to be active primarily in summer.
Mean body temperatures of sympatric M. striata and M. spilogaster do not differ significantly ( (.92). Overlaps for other species comparisons have a maximum of .78 (Table 5) . Prey size distributions (Table 10) show high overlap between the semiarboreal species (.98) and between the terrestrial species (.99), but low overlaps for other species combinations (maximum .76). Both semiarboreal species eat larger prey in sympatry (Kolmogorov-Smirnov tests, P values < .001). Mean head length of Mabuya is notsignificantly correlated with either mean prey size (r, = .627, P > .05) or with prey-size niche breadth (r -_ .314, P > .05) (all six populations in Table 10 considered).
Reproduction
Males.-Length of smallest reproductive males (enlarged testes) are given in Table 9 . In the semiarboreal species, testicular volumes are smallest in March and largest in November-December (Fig. 2) .
Females.-The semiarboreal species and M. variegata are viviparous, but the terrestrial M. occidentalis is oviparous. Clutch/litter sizes, correlation coefficients between SVL and clutch/litter size, and length of smallest reproductive female (yolked follicles, oviducal eggs, or embryos) are given in Table  9 . Clutch sizes of allopatric and sympatric populations of the semiarboreal species do not differ significantly (zt-tests, P values > .05). The apparent minimum length of females at maturity is greater in sympatric populations of both species (also of male M. striata): such differences probably result from smaller sample sizes in sympatry, but could also result from delayed maturity.
Fewer adult-sized females of both semiarboreal species were pregnant in sympatry than in allopatry (M. Distributions of the semiarboreal Mabuya parallel sandridge and flatland habitats in the south ( (Fig. 1A) . Therefore, the narrow zone of sympatry is probably not directly related to the relatively abrupt change between sandridge and flatland habitats, per se, at least in the north.
However, other environmental features also change near the sandridge-flatland junction. Published rainfall isohyets (Leistner 1967 , Wellington 1955 ), though of questionable accuracy for many parts of the Kalahari, seemingly parallel the border (M. spilogaster is found in areas with slightly higher annual rainfall). Trees are somewhat more abundant in high rainfall areas, and some replacement of tree species occurs as well (Leistner 1967 , Werger 1973 ). For example, Acacia reficiens and Terminalia trees are apparently restricted to high rainfall areas, while A. giraffe is the dominant large Acacia in low rainfall areas (Leistner 1967 ). Yet, because of the patchy distribution of the vegetation, detailed quantitative observations of possible associations of lizards (Tables 5 and 11 ). This trend is paralleled in Greater Antillean Anolis: a greater percentage of parapatric pairs have high structural-habitat overlaps than do sympatric pairs; and, where structural-habitat overlap is high, parapatric pairs are less different in size than are sympatric pairs (Schoener 1970 ).
Overlap is not necessarily proportional to intensity of competition, nor does high niche overlap necessarily imply strong competition. Nonetheless, given the relative magnitudes of overlaps here, competition is almost certainly greater between the semiarboreal species than among all other species pairs. Whether competition is intense for this pair is problematical because we have no direct information on resource depression in sympatry. Also, our circumstantial evidence relevant to intensity of competition is inconsistent (reproduction is depressed only in sympatric M. spilogaster) and possibly contradictory (next paragraph). Therefore, we argue that our overlap Given a stable environment, selection would favor such aggression only if competition is potentially severe. However, several individuals of both semiarboreal Mabuya commonly occur on the same log or tree in sympatry, and we noted little or no interspecific aggression (a few tethering experiments also failed to elicit aggression).
The apparent lack of interspecific aggression does not necessarily invalidate the hypothesis that competition is intense. These Mabuya, particularly M. striata (Brain 1969) , are social lizards and frequently occur in large numbers on the same log or tree. Evolution of interspecific aggression might be difficult or impossible in such gregarious species, even in the absence of gene flow from nearby allopatric populations.
To summarize, our evidence supports two nonexclusive explanations for distributional patterns of Mabuya in the Kalahari. First, the narrow zone of sympatry probably reflects in part adaptations of these species to geographically discontinuous aspects of the physical environment. Second, more intense competition between the semiarboreal species, inferred from high niche overlap, may restrict the zone of sympatry. While the first explanation could entirely account for the narrow zone of sympatry, the nearly identical niches of the semiarboreal species nonetheless suggests that the second explanation is also important.
